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(54) Vehicular rotational apparatus 

(57) A housing of a compressor (C) supports a ro- 
tary shaft (1 6). The rotary.shaft (16) is coupled to a pul- 
ley (1 7) with a pulley one-way clutch (66) and is coupled 
to a rotor of an electric motor (77) with a motor one-way 
clutch (83). The pulley (17) is supported by the housing 
with a pulley bearing. The electric motor (77) overlaps 



a power transmission portion in the axial direction of the 
rotary shaft (16). At least two of the bearing, the pulley 
one-way clut ch (66) , the motor one-way clutc h (83), and 
a brush devtce(7&) of the electric motor (77) overlap 
each other in the axial direction of the rotary shaft. As a 
result, the size of the compressor (C) Is reduced In the 
axial direction of the rotary shaft (16). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a vehicular ro- 
tational apparatus that has a rotary body and an electric 
motor. The rotary body is operably connected to a rotary 
shaft, which drives a mechanism, and transmits power 
to the rotary shaft from an external drive source. The 
electric motor selectively drives the rotary shaft. 
[0002] A typical compressor (vehicular rotational ap- 
paratus) drives a compressing mechanism for com- 
pressing refrigerant by selectively using power from an 
external drive source and power from an electric motor, 
which is located on the compressor. Japanese Laid- 
Open Patent Publication No. 1 1 -301 82 discloses such 
compressor. 

[0003] The compressor of the above publication has 
a pulley for receiving power from the external drive 
source and a rotary shaft for driving the compression 
mechanism. A pulley one-way clutch is located in a pow- 
er transmission path between the pulley and the shaft. 
A motor one-way clutch is located in a power transmis- 
sion path between Lhe electric motor for driving the 
compression mechanism and the shaft. 
[0004] With this structure, the compression mecha- 
nism is driven by selectively using power from the ex- 
ternal drive source and power from the electric motor. 
Further, when driving the compression mechanism by 
power from the external drive source, the electric motor 
(or more specifically, a rotor of the electric motor) is pre- 
vented from being rotated. As a result, power transmit- 
ted from the external drive source to the rotary shaft is 
prevented from being consumed unnecessarily for pur- 
poses other than driving compression mechanism. 
[0005] In the above structure, the pulley is supported 
by a housing, which accommodates the compression 
mechanism, with a bearing. Thus, even when the pulley 
receives external force in the radial direction by the ten- 
sion of a belt wound about the pulley, the external force 
is not easily applied to the shaft. 
[0006] Also, the pulley one-way clutch and the bear- 
ing are arranged to overlap each other in the axial di- 
rection of the shaft. In this case, the size of the compres- 
sor is reduced In the axial direction of the shaft as com- 
pared to a structure m which the one-way clutch and the 
bearing are arranged not to overlap each other in the 
axial direction. 

[0007] In the above structure , the size of the compres- 
sor is reduced by using the one-way clutch instead of 
an electromagnetic clutch. However, the location of, for 
example, the electric motor to reduce the size of the 
compressor is not disclosed. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an objective of the present in- 
vention to provide a vehicular rotational apparatus that 



drives a mechanism by selectively using power from an 
external drive source and power from an electric motor, 
and is easily minimized in the axial direction of a rotary 
shaft. 

5 [0009] To achieve the above objective, the present in- 
vention provides a rotational apparatus that is driven by 
an external drive source. The rotational apparatus in- 
cludes a housing, a rotary shaft, a first rotary body, an 
electric motor, a bearing, a first one-way clutch, and a 

10 second one-way clutch. The rotary shaft is supported by 
the housing. The first rotary body is operably connected 
to the rotary shaft and includes a power transmission 
portion. When power is transmitted from the external 
drive source to the power transmission portion, the first 

is rotary body is rotated. The electric motor drives the ro- 
tary shaft and includes a second rotary body, which is 
operably connected to the rotary shaft, a commutator, 
which is located on the second rotary body, and a brush 
device, which contacts the commutator. The bearing is 

20 located between the first rotary body and the housing. 
The first rotary body is supported by the housing with 
the bearing. The first one-way clutch is located between 
the first rotary body and the rotary shaft. The second 
one-way clutch is located between the second rotary 

25 body and the rotary shaft At least two of the bearing, 
the first one-way clutch, the second one-way clutch, and 
the brush device overlap each other in the axial direction 
of the rotary shaft. The electric motor overlaps the power 
transmission portion in the axial direction of the rotary 

30 shaft. 

[001 0] The present invention also provides a rotation- 
al apparatus that is driven by an external drive source. 
The rotational apparatus includes a housing, a rotary 
shaft, a first rotary body, an electric motor, a bearing, 

35 and a one-way clu tch. The rotary shaft is supported by 
the housing. The first rotary body is operably connected 
to the rotary shaft and includes a power transmission 
portion. When power is transmitted from the external 
drive source to the power transmission portion, the first 

40 rotary body is rotated. The electric motor drives the ro- 
tary shaft and includes a second rotary body, which is 
operably connected to the rotary shaft, a commutator, 
which is located on the second rotary body, and a brush 
device, which contacts the commutator. The bearing is 

45 located between the first rotary body and the housing. 
The first rotary body is supported by the housing with 
the bearing. The one-way clutch is located between the 
first rotary body and the rotary shaft At least two of the 
bearing, the one-way clutch, and the brush device over- 
lap each other in the axial direction of the rotary shaft. 
The electric motor overlaps the power transmission por- 
tion in the axial direction of the rotary shaft. 
[0011] A further aspect of the present invention is a 
rotational apparatus that is driven by an external drive 

55 source. The rotational apparatus includes a housing, a 
rotary shaft, a first rotary body, an electric motor, a bear- 
ing, a first one-way clutch, and a second one-way clutch. 
The rotary shaft is supported by the housing. The first 
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rotary body is operably connected to the rotary shaft and 
includes a power transmission portion. When power is 
transmitted from the external drive source to the power 
transmission portion, the first rotary body is rotated. The 
electric motor drives the rotary shaft and includes a sec- 
ond rotary body, which is operably connected to the ro- 
tary shaft. The bearing is located between the first rotary 
body and the housing. The first rotary body is supported 
by the housing with the bearing. The first one-way dutch 
is located between the first rotary body and the rotary 
shaft. The second one-way clutch is located between 
the second rotary body and the rotary shaft. At least two 
of the bearing, the first one-way clutch, and the second 
one-way clutch overlap each other in the axial direction 
of the rotary shaft. The electric motor overlaps the power 
transmission portion in the axial direction of the rotary 
shaft. 

[0012] The present Invention further provides a rota- 
tional apparatus that is driven by an external drive 
source. The rotational apparatus includes a housing, a 
rotary shaft, a first rotary body, an electric motor, a bear- 
ing, and a one-way dutch. The rotary shaft is supported 
by the housing. The first rotary body is operably con- 
nected to the rotary shaft and includes a power trans- 
mission portion. When power is transmitted from the ex- 
ternal drive source to the power transmission portion, 
the first rotary body is rotated. The electric motor drives 
the rotary shaft and indudes a second rotary body, 
which is operably connected to the rotary shaft The 
bearing is located between the first rotary body and the 
housing. The first rotary body is supported by the hous- 
ing with the bearing. The one-way dutch is located be- 
tween the first rotary body and the rotary shaft and over- 
laps the bearing In the axial direction of the rotary shaft. 
At least part of the electric motor overlaps the power 
transmission portion in the axial direction of the rotary 
shaft and is* located radially inward of the power trans- 
mission portion. 

[0013] Other aspects and advantages of the invention 
writ become apparent from the following description, tak- 
en in conjunction with the accompanying drawings, W- 
lustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Rg. 1 is a schematic cross-sectional view illustrat- 
ing a compressor according to a first embodiment 
of the present invention; 

Rg. 2 is a schematic cross-sectional view illustrat- 
ing a control valve according to the first embodi- 
ment; 



Rg. 3 is an enlarged partial cross-sectional view il- 
lustrating a one-way clutch according to the first em- 
bodiment; 

Rg. 4 is an enlarged partial cross-sectional view il- 
5 lustrating a power transmission mechanism accord- 
ing to the first embodiment; 
Rg. 5 is a schematic, cross-sectional view taken 
along line 5-5 in Fig. 4; 

Rg. 6 is an enlarged partial cross-sectional view II- 
10 lustrating a brush unit and a lead wire according to 
the first embodiment; 

Rg. 7(a) is a front view illustrating a power trans- 
mission mechanism according to a second embod- 
iment; 

'5 Fig. 7(b) is a cross-sectional view taken along line 
7b-7b in Fig. 7(a); 

Rg. 8 is an enlarged partial cross-sectional view il- 
lustrating rubber dumpers and a power transmis- 
sion piece according to the second embodiment; . 

20 Rg. 9 is an enlarged cross-sectional view illustrat- 
ing a power transmission mechanism according to 
a third embodiment of the present invention; and 
Rg. 1 0 is a cross-sectional view illustrating a power 
transmission mechanism according to a fourth em- 

25 bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 [0015] A compressor C according to a first embodi- 
ment of the present invention wiO now be described with 
reference to Figs. 1 to 6. The left end of the compressor 
C in Rg. 1 is defined as the front of the compressor, and 
the right end is defined as the rear of the compressor C. 

35 [0016] The compressor C forms a part of a vehicular 
air conditioner. As shown in Fig. 1, the compressor C 
indudes a cylinder block 1 1 , at ront housing member 12, 
a vaJve plate assembly 13, and a rear housing member 
1 4. The front housing member 12 is secured to the front 

40 end of the cylinder block 1 1 . The rear housing member 
14 is secured to the rear end of the cylinder block 11 
with the valve plate assembly 13 in between. The cylin- 
der block 11, the front housing member 12, the valve 
plate assembly 13, and the rear housing member 14 

45 fomvthe housing of the compressor C. The valve plate 
assembly 13 has suction ports 29, suction valve flaps 
30, discharge ports 31 and discharge valve flaps 32. 
Each set of the suction port 29, the suction valve flap 
30, the discharge port 31 and the discharge valve flap 

so 32 corresponds to one of the cylinder bores 24. 

[0017] The cylinder block 11 and the front housing 
member 12 define a control pressure zone, which is a 
crank. chamber 15 in the first embodiment, in between. 
[0018] A rotary shaft 1 6 is housed in the compressor 

55 housing and extends through the crank chamber 15. 
The front portion of the rotary shaft 16 is supported by 
a radial bearing 12A located in the front wall of the front 
housing member 12. The rear portion of the rotary shaft 



3 



BNSDOCtD: <EP 131S4S2A2_I_> 



5 



EP 1 316 452 A2 



6 



16 is supported by a radial bearing 11 A located in the 
cylinder block 11. 

[001 9] The front end portion of the rotary shaft 1 6 ex- 
tends through the front wall of the front housing member 
12. A power transmission mechanism PT is fixed to the 
front end of the rotary shaft 16. The power transmission 
mechanism PT includes a first rotary body, which is a 
pulley 17 in the first embodiment. The front end of the 
rotary shaft 16 is coupled to an external drive source, 
which Is a vehicular engine E in the first embodiment, 
by the power transmission mechanism PTand a belt 18, 
which is engaged with the pulley 17. 
[0020] A sealing member 12B is located between the 
front end of the rotary shaft 1 6 and the front wall of the 
front housing member 12. The seating member 12B is 
located outward of the front housing member 12 from 
the radial bearing"! 2A in the axial direction of the rotary 
shaft 1 6. The sealing member 1 2B separates the inside 
and outside of the compressor housing. 
[0021] The power transmission mechanism PT and 
the compressor C form a vehicular rotational apparatus. 
[0022] A lug plate 1 9 is coupled to the rotary shaft 1 6 
and is located in the crank chamber 15. The lug plate 
19 rotates integrally with the rotary shaft 16. A drive 
plate, which is a swash plate 20 in the first embodiment, 
is housed in the crank chamber 15. The swash plate 20 
slides along and inclines with respect to the rotary shaft 
1 6. The swash plate 20 is coupled to the lug plate 1 9 by 
a hinge mechanism 21. The lug plate 19 permits the 
swash plate 20 to rotate integrally with the rotary shaft 
1 6 and to incline with respect to the rotary shaft 1 6 while 
sliding along the rotation axis of the rotary shaft 1 6. 
[0023] A snap ring 22 is fitted about the rotary shaft 
16. A spring 23 extends between the snap ring 22 and 
the swash plate 20. The snap ring 22 and the spring 23 
limit the minimum inclination angle of the swash plate 
20. At the minimum inclination angle of the swash plate 
20, the angle defined by the swash plate 20 and the axis 
of the rotary shaft 16 is closest to ninety degrees. 
[0024] Cylinder bores 24 (only one is shown in Fig. 1 ) 
are formed in the cylinder block 11 . The cylinder bores 
24 are located about the rotation axis of the rotary shaft 
1 6. A single-headed piston 25 is housed in each cylinder 
bore 24 to reciprocate inside the cylinder bore 24. The 
front and rear openings of each cylinder bore 24 are 
closed by the associated piston 25 and the valve plate 
assembly 13. A compression chamber is defined in each 
cylinder bore 24. The volume of the compression cham- 
ber changes according to the reciprocation of the corre- 
sponding piston 25. Each piston 25 is coupled to the pe- 
ripheral portion of the swash plate 20 by a pair of shoes 
26. When the swash plate 20 is rotated by rotation of 
the rotary shaft 1 6, the shoes 26 convert the rotation into 
reciprocation of each piston 25. 
[0025] The cylinder block 11 (cylinder bores 24), the 
rotary shaft 1 6, the lug plate 19, the swash plate 20, the 
hinge mechanism 21 , the pistons 25, and the shoes 26 
form a piston type variable displacement compression 



mechanism. 

[0026] A suction pressure zone, which is a suction 
chamber 27 in the first embodiment, and a discharge 
pressure zone, which is a discharge chamber 28 in the 
s first embodiment, are defined in the rear housing mem- 
ber 14. The front ends of the suction chamber 27 and 
the discharge chamber 28 are closed by the valve plate 
assembly 13. As each piston 25 moves from the top 
dead center position to the bottom dead center position , 
io refrigerant gas is drawn into the corresponding cylinder 
bore 24 (compression chamber) through the corre- 
sponding suction port 29 while flexing the suction valve 
flap 30 to an open position. Low pressure refrigerant gas 
that is drawn into the cylinder bore 24 is compressed to 
is a predetermined pressure as the piston 25 is moved 
from the bottom dead center position to the top dead 
center position. Then, the gas is discharged to the dis- 
charge chamber 28 through the corresponding dis- 
charge port 31 while flexing the discharge valve flap 32 
20 to an open position. 

[0027] The suction chamber 27 is connected to the 
discharge chamber 28 by an external refrigerant circuit 
33. The externa! refrigerant circuit 33 includes a con- 
denser 34, a decompression device, which is an expan- 
ds sion valve 35 in the first embodiment, and an evaporator 
36. The opening degree of the expansion valve 35 is 
feedback-controlled based on the temperature and 
pressure of refrigerant detected by a heat sensitive tube 
(not shown) at the outlet, or downstream, of the evapo- 
30 rator 36. The expansion valve 35 supplies refrigerant, 
the amount of which corresponds to the thermal load 
(cooling load), to the evaporator 36 to regulate the flow 
rate in the external refrigerant circuit 33. 
[0028] A connecting pipe 37 for refrigerant gas is lo- 
ss cated at a downstream portion of the external refrigerant 
circuit 33 and connects the outlet of the evaporator 36 
to the suction chamber 27 of the compressor C. Another 
connecting pipe 38 for refrigerant gas is located at an 
upstream portion of the external refrigerant circuit 33 
40 and connects the discharge chamber 28 of the compres- 
sor C to the condenser 34. The compressor C draws in 
refngerant gas introduced into the suction chamber 27 
from the downstream portion of the external refrigerant 
circuit 33 and compresses the refrigerant gas. Then, the 
45 compressor C discharges the compressed gas to the 
discharge chamber 28, which is connected to the up- 
stream portion of the external refrigerant circuit 33. 
[0029] The compressor C and the external refrigerant 
circuit 33 constitute a refrigeration circuit (or refrigerant 
so circuit) of the vehicular air-conditioner. 

[0030] The cylinder block 11 has a shaft bore 39, 
which accommodates the rear end of the rotary shaft 
16. A shaft passage 40 is formed in the rotary shaft 16 
to connect the front portion of the crank chamber 1 5 with 
55 the shaft bore 39. A communication passage 41 is 
formed in the vatve plate assembly 13 to connect the 
suction chamber 27 with the shaft bore 39. The shaft 
bore 39. the shaft passage 40, and the communication 
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passage 41 constitutes a bleed passage, which con- 
nects the crank chamber 15 with the suction chamber 
27. 

[0031] A supply passage 42 is formed in the housing 
to connect the discharge chamber 28 with the crank 
chamber 1 5. A control valve 43 is located in the supply 
passage 42 to regulate the opening degree of the supply 
passage 42. 

[0032] The opening of the control valve 43 is adjusted 
to control the flow rate of highly pressurized gas sup- 
plied to the crank chamber 1 5 through the supply pas- 
sage 42. The pressure in the crank chamber 15 (crank 
chamber pressure Pc) is determined by the ratio of the 
gas supplied to the crank chamber 15 through the sup- 
ply passage 42 and the flow rate of refrigerant gas con- 
ducted out from the crank chamber 15 through the bleed 
passage. As the crank chamber pressure Pc varies, the 
difference between the crank chamber pressure Pc and 
the pressure in the compression chambers varies, 
which changes the inclination angle of the swash plate 
20. Accordingly, the stroke of each piston 25, or the 
amount of refrigerant discharged during one rotation of 
the rotary shaft 1 8, is varied. 

[0033] The compressor C accortfing to the first em- 
bodiment is formed 6uch that the amount of refrigerant 
discharged during one rotation of the rotary shaft 16 is 
substantially zero when the inclination angle of the 
swash plate 20 is minimum. . 

[0034] The greater the flow rate of the refrigerant Q 
flowing in the refrigerant circuft^is, the greater the pres- 
sure loss per unit length of the circuit or piping is. That 
is, the pressure loss (pressure difference) between first 
and second pressure monitoring points P1 t P2 has a 
positive correlation with the flow rate of the refrigerant 
Q in the refrigerant circuit Detectingthe pressure differ- 
ence between the first and second pressure monitoring 
points P1 , P2 (PdH-PdL= pressure difference APX) per- 
mits the flow rate of refrigerant Q in the refrigerant circuit 
to be indirectly detected. 

[0035] In the first embodiment, the first pressure mon- 
itoring point P1, which functions as a high pressure mon- 
itoring point, is located in the discharge chamber28, the 
pressure of which is equal to that of the most upstream 
section of the connecting pipe 38. The second pressure 
monitoring point P2, which functions as a low pressure 
monitoring point, is located midway along the connect- 
ing pipe 38 at a position separated from the first pres- 
sure monitoring point P1 by a predetefmined distance. 
The pressure PdH at the first pressure monitoring point 
P1 is applied to the control valve 43 through a first pres- 
sure introduction passage 44 (see Fig. 2). The pressure 
PdL at the second pressure monitoring point P2 is ap- 
plied to the control varve 43 through a second pressure 
introduction passage 45 (see Fig. 2). 
[0036] A throttle 46 may be formed in the connecting 
pipe 38 between the first and second pressure monitor- 
ing points P1 , P2 to increase the pressure difference 
APX. The throttle 46 increases the pressure difference 



APX between the first and second pressure monitoring 
points P1, P2 although the first and second pressure 
monitoring points PI, P2 are not separated by a large 
. amount. Providing the throttle 46 between the first and 
3 second pressure monitoring points P1 , P2 permits the 
second pressure monitoring point P2 to be located close 
to the compressor C. This shortens the second pressure 
introduction passage 45 between the second pressure 
monitoring point P2 and the control valve 43. The pres- 
to sure PdL at the second pressure monfroring point P2 is 
set sufficiently higher than the crank chamber pressure 
Pc although the pressure PdL is decreased with respect 
to the pressure PdH by the throttle 46. 
[0037] As shown in Fig. 2, the control valve 43 has a 
15 valve housing 47. The valve housing 47 defines a valve 
chamber 48, a communication passage 49, and a pres- 
sure sensing chamber 50. A transmission rod 51 ex- 
tends through the valve chamber 48 and the communi- 
cation passage 49. The transmission rod 51 moves in 
20 the axial direction, or in the vertical direction as viewed 
in Fig. 2. 

[0038] The communication passage 49 is disconnect- 
ed from the pressure sensing chamber 50 by the upper 
portion of the transmission rod 51 , which is fitted in the 
25 communication passage 49. The varve chamber 48 is 
connected to the discharge chamber 28 through an up- 
stream section of the supply passage 42. The commu- 
nication passage 49 is connected to the crank chamber 
1 5 by a downstream section of the supply passage 42. 
30 The valve chamber 48 and the communication passage 
49 form a part of the supply passage 42. 
[0039] A valve body 52 is formed at the middle portion 
of the transmission rod 51 and is located in the varve 
chamber 48. A step defined between the vaJve chamber 
35 48 and the communication passage 49 functions as a 
varve seat 53. The communication passage 49 serves 
as a varve hole. The transmission rod 51 shown in Fig. 
2 is located at the lowermost position where the opening 
degree of the communication passage 49 is the great- 
40 est When the transmission rod 51 is moved from the 
lowermost position to the uppermost position, at which 
the valve body 52 contacts the valve seat 53, the com- 
munication passage 49 is disconnected from the varve 
chamber 48. That is, the valve body 52 of the transmis- 
43 son rod 51 is a valve body that controls the opening 
degree of the supply passage 42. 
[0040] A pressure sensing member, which is a bel- 
lows 54 in the first embodiment, is located in the pres- 
sure sensing chamber 50. The upper end of the bellows 
so 54 is fixed to the valve housing 47 .The lower end of the 
bellows 54 receives the upper end of the transmission 
rod 51. The bellows 54 divides the pressure sensing 
chamber 50 into a first pressure chamber 55, which is 
the interior of the bellows 54, and a second pressure 
55 chamber 56, which is the exterior of the bellows 54. The 
first pressure chamber 55 is connected to the first pres- 
sure monitoring point P1 by the first pressure introduc- 
tion passage 44. The second pressure chamber 56 is 
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connected to the second pressure monitoring point P2 
by the second pressure Introduction passage 45. There- 
fore, the first pressure chamber 55 is exposed to the 
pressure PdH monitored at the first pressure monitoring 
point P1, and the second pressure chamber 56 is ex- 
posed to the pressure PdL monitored at the second 
pressure monitoring point P2. The bellows 54 and the 
pressure sensing chamber 50 form a pressure sensing 
mechanism. 

[0041] A target pressure difference changing means, 
which is an electromagnetic actuator 57 in the first em- 
bodiment, is located at the lower portion ot the valve 
housing 47. The electromagnetic actuator 57 includes 
a cup-shaped cylinder 58, which is arranged coaxial to 
the valve housing 47. A stationary iron core 59 is fitted 
in the upper opening of the cylinder 58 and is secured 
to the cylinder 58. The stationary iron core 59 defines a 
plunger chamber 60 at the lowermost portion In the cyl- 
inder 58. 

[0042] A movable iron core 61 is located in the plunger 
chamber 60. the movable iron core 61 slides along the 
plunger chamber 60 in the axial direction. An axialry ex- 
tending guide hole 62 Is formed in the central portion of 
the stationary iron core 59. The lower end of the trans- 
mission rod 51 is located in the guide hole 62 to move 
axialry. The lower end of the transmission rod 51 abuts 
against the movable iron core 61 in the plunger chamber 
60. 

[0043] A cofl spring, which is a spring 63 in the first 
embodiment, is located between the inner bottom sur- 
face of the cylinder 58 and the movable iron core 61 in 
the plunger chamber 60. The spring 63 urges the mov- 
able iron core 61 toward the transmission rod 51 . The 
transmission rod 51 is urged toward the movable iron 
core 61 by the elasticity of the bellows 54. Therefore, 
the movable iron core 61 and the transmission rod 51 
integrally move vertically. Hereinafter, urging force 
based on the elasticity of the bellows 54 is referred to 
as the spring force of the bellows. The spring force of 
the bellows 54 is greater than the force of the spring 63. 
[0044] A coil 64 is wound about the stationary iron 
core 59 and the movable iron core 61 on the outer cir- 
cumference of the cylinder 58. Power is supplied to the 
coil 64 from a battery via a drive circuit (not shown) 
based on commands from a controller, which Is not 
shown. 

[0045] The cofl 64 generates an electromagnetic 
force (electromagnetic attracting force) between the 
movable iron core 61 and the stationary iron core 59 in 
accordance with the value of current supply to the cofl 
64. Upward force is applied to the transmission rod 51 
via the movable iron core 61 in accordance with the elec- 
tromagnetic force. In the first embodiment, current sup- 
plied to the coil 64 is varied by controlling the applied 
voltage. The applied voltage is controlled by pulse-width 
modulation, or duty control. 

[0046] According to the control valve 43, the position 
of the transmission rod 51 (valve body 52), orthe open- 



' ing degree, is determined in the following manner. 
[0047] When no current is supplied to the coil 64, or 
when the duty ratio is zero percent, the downward force 
generated by the spring force of the bellows 54 domi- 

5 nantty acts on the transmission rod 51. Thus, the trans- 
mission rod 51 is placed at its lowermost position, and 
the communication passage 49 is fully opened. There- 
fore, the crank chamber pressure Pc is the maximum 
that is possible underthe given conditions. The pressure 

io difference between the crank chamber pressure Pc and 
the pressure in the compression chambers thus be- 
comes large. As a result, the inclination angle of the 
swash plate 20 is minimized and the amount of refriger- 
ant discharged during one rotation of the rotary shaft 16 

is is also minimized. 

[0048] When a current of the minimum duty ratio or 
more within the variation range of the duty ratio Is sup- 
plied to the cofl 64, the resultant of the upward force of 
the spring 63 and the upward electromagnetic force ex- 

20 ceeds the downward force generated by the spring force 
of the bellows 54 so that the transmission rod 51 is 
moved upward. In this state, the resultant of the upward 
force of the spring 63 and the upward electromagnetic 
force acts against the resultant of the force based on the 

2s pressure difference APX and the downward force gen- 
erated by the spring force of the bellows 54. The position 
of the valve body 52 of the transmission rod 51 relative 
to the valve seat 53 is determined such that upward and 
downward forces are balanced. 

30 [0049] For example, if the flow rate of refrigerant in 
the refrigerant circuit is decreased, the downward force 
based on the pressure difference APX, which acts on 
the transmission rod 51, decreases. Therefore, the 
transmission rod 51 (valve body 52) moves upward to 

35 decrease the opening degree of the communication 
passage 49, which lowers the crank chamber pressure 
Pc. Accordingly, the inclination angle of the swash plate 
20 is increased, and the displacement of the compres- 
sor C is increased. The increase in the displacement of 

40 the compressor C increases the flow rate of refrigerant 
in the refrigerant circuit, which increases the pressure 
difference APX. 

[0050] In contrast, when the flow rate of refrigerant in 
the refrigerant circuit is increased, the downward force 

45 based on the pressure difference APX increases. There- 
fore, the transmission rod 51 (valve body 52) moves 
downward to increase the opening degree of the com- 
munication passage 49, which increases the crank 
chamber pressure Pc. Accordingly, the inclination angle 

so of the swash plate 20 is decreased, and the displace- 
ment of the compressor C is decreased. The decrease 
in the displacement of the compressor C decreases the 
flow rate of refrigerant in the refrigerant circuit, which 
decreases the pressure difference APX. 

55 [0051 ] When the duty ratio of the electric current sup- 
plied to the coil 64 is increased to increase the upward 
electromagnetic force, the pressure difference APX can- 
not balance the forces acting on the transmission rod 
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51 . Therefore, the transmission rod 51 (the valve body 
52) moves upward and decreases the opening degree 
of the communication passage 49. As a result, the dis- 
placement of the compressor C is increased. Thus/the 
flow rate of refrigerant in the refrigerant circuit increas- 
es, which increases the pressure difference APX. 
[0052] When the duty ratio of the electric current sup- 
plied to the coil 64 is decreased to decrease the upward 
electromagnetic force, the pressure difference APX can- 
not balance the forces acting on the transmission rod 
51 . Therefore, the transmission rod 51 (the vafve body 
52) moves downward and increases the opening degree 
of the communication passage 49. As a result, the dis- 
placement of the compressor C is decreased. Thus, the 
flow rate of refrigerant in the refrigerant circuit decreas- 
es* which decreases the pressure difference APX. 
[0053] As described above, the target value of the 
pressure difference APX is determined by the duty ratio 
of current supplied to the coil 64. The control valve 43 
automatically determines the position of the transmis- 
sion rod 51 (the valve body 52) according to changes of 
the pressure difference APX to maintain the target value 
of the pressure difference APX. The target value of the 
pressure difference APX is externally controlled by ad- 
justing the duty ratio of current supplied to the coil 64. 
[0054] As shown in Figs. 1 and 4, the pulley 17 has 
an upstream pulley 17A and a downstream pulley 17B. 
[0055] The upstream pulley 1 7A includes a first outer 
cylinder 17D t a first inner cylinder 17E, and a first disk 
1 7F. The first outer cylinder 1 7D has a power transmis- 
sion portion 17C about which the belt 18 is .wound. The 
first disk 1 7F is integrally formed with the first outer cyl- 
inder 17D and the first inner cylinder 17E to connect 
them with each other. The power transmission portion 
1 7C is formed on the outer circumferential portion of the 
first outer cylinder 1 7D. 

[0056] Shutoff mechanism (breakable members), 
which are substantially columnar power transmission 
pins 17G (only two are shown) in the first embodiment, 
are secured to the front surface of the first outer cylinder 
1 7D at equal angular intervals in the circumferential di- 
rection of the first outer cylinder 1 7D . The power trans- 
mission pins 1 7G are fit in holes formed in the front sur- 
face of the first outer cylinder 1 7D. The power transmis- 
sion pins l7GproJectforwardfrom the first outer cylinder 
1 7D and are substantially parallel to the axis of the rotary 
shaft 16. 

[0057] The power transmission pins 1 7G are made of 
sintered metal. The fatigue ratio oW/oB of the sintered 
metal is about 0.5. The sign oW represents the fatigue 
limit and the sign oB represents the tensile strength. 
[0058] The downstream pulley 1 7B includes a second 
inner. cylinder 17H, a second disk 17J, and a second 
outer cylinder 1 7K. The second disk 1 7J is formed inte- 
grally with the second inner cylinder 17H and extends 
radially outward from the front end of the second inner 
cylinder 17H. The second outer cylinder 1 7K is integrally 
formed with the second disk 17J and extends rearward 



from the outer circumferential portion of the second disk 
17J. 

[0059] Shock absorbers, which are rubber dumpers 
17L in the first embodiment are secured to positions 

5 corresponding to the power transmission pins 17G at 
the rear surface of the second outer cylinder 1 7K of the 
downstream pulley 1 7B. Each rubber dumper 1 7L is ac- 
commodated in one of bores formed in the rear surface 
of the second outer cylinder 1 7K. Each rubber dumper 

io 17L is cup-shaped and receives the corresponding pow- 
er transmission pin 17G. 

[0060] Therefore, in the pulley 1 7 of the first embodi- 
ment, power transmitted from the engine E to the up- 
stream pulley 17A by the belt 18 is transmitted to the 

15 downstream pulley 1 7B by the power transmission pins 
17G and the rubber dumpers 17LThat is, the power 
transmission pins 1 7G and the rubber dumpers 1 7L are 
located in a power transmission path between the up- 
stream pulley 17A and the downstream pulley 17B. 

20 [0061] In the first embodiment, the upstream pulley 
17A t the downstream pulley 17B, the power transmis- 
sion pins 17G, and the rubber dumpers 171 constitute 
the pulley 17. The pulley 17 has an inner space sur- 
rounded by the upstream pulley 17A, the downstream 

25 pulley 17B, and the like. 

[0062] A substantially cylindrical hub 65 is fixed to the 
front end of the rotary shaft 16. A pulley one-way clutch 
66 is located between the hub 65 and the second inner 
cylinder 17H of the downstream pulley 17B. The pulley 

30 one-way clutch 66 is a first one-way clutch located in a 
power transmission path between the pulley 1 7 and the 
rotary shaft 16. 

[0063] The pulley one-way dutch 66 Is constituted by 
a clutch portion 67 and a bearing portion 68 (see Fig. 

35 4). The dutch portion 67 and the bearing portion 68 are 
integrally formed with each other and arranged next to 
each other in the axial direction of the rotary shaft 16. 
[0064] The pulley one-way clutch 66 includes an outer 
ring 69, which is secured to the irmer circumferential sur- 

40 face of the second inner cylinder 1 7H, and an inner ring 
70, which is secured to the outer circumferential surface 
of the hub 65 and surrounded by the outer ring 69. The 
outer ring 69 and the inner ring 70 rotate relative to each 
other by rotating bodies, which are balls 71 in the first 

45 embodiment The balls 71 are arranged circumferential- 
hy in line between the outer ring 69 and the inner ring 70. 
[0065] As shown in Rg. 3, recesses 72 are formed at 
equal angular intervals around the rotary shaft 1 6 in the 
inner, circumferential portion of the outer ring 69. 

so [0066] ' A power transmission surface 73 is formed at 
the trailing end of each recess 72. A roller 74 is accom- 
modated in each recess 72 parallel to the rotary shaft 
16. Each roller 74 is movable from the position where 
the roller 74 is engaged with the power transmission sur- 

55 face 73 as shown in Fig. 3 (a) to the position where trie 
roller 74 is disengaged from the power transmission sur- 
face 73 as shown in Rg. 3 (b). 
[0067] A spring seat 75 is located at the leading end 
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of each recess 72, or the end of each recess 72 that is 
opposite to the power transmission surface 73. A spring 

76 is arranged between each spring seat 75 and the cor- 
responding roDer 74 to urge the roller 74 toward the po- 
sition where the roller 74 is- engaged with the power 
transmission surface 73. 

[0068] As shown in Rg. 3(a), when the outer ring 69 
rotates in the direction indicated by an arrow by power 
transmitted from the engine E with the pulley 17, each 
roller 74 moves toward the corresponding power trans- 
mission surface 73 by the force of the spring 76. Then, 
the roller 74 is engaged with the powertransmission sur- 
face 73.The inner ring 70 is rotated in the same direction 
as the outer ring 69 by the friction between the roller 74 
and the outer circumferential surface of the inner ring 
70 and the friction between the roller 74 and the power 
transmission surface 73. 

[0069] Therefore, when the vehicle engine E Is run- 
ning, power of the engine E is transmitted to the rotary 
shaft 1 6 by the pulley 1 7, the clutch portion 67, and the 
hub 66. Thus, the rotary shaft 1 6 is always driven when 
the engine E is running. 

[0070] As shown in Rg. 3(b), if the inner ring 70 is ro- 
tated in the direction indicated by an arrow when the en- 
gine E (or the pulley 17) is stopped, the roller 74 sepa- 
rates from the power transmission surface 73 against 
the force of the spring 76. Thus, the inner ring 70 runs 
idle with respect to the outer ring 69. 
[0071] As shown in Figs. 1 and 4, an electric motor 

77 is located in the inner space of the pulley 1 7. A cy- 
lindrical shaft support 1 2C projects from the front wall of 
the front housing member 12 and surrounds the front 
end of the rotary shaft 16. A brush device, which consti- 
tutes part of the electric motor 77, includes brush units 
78. The brush units 78 are located on the outer circum- 
ference of the cylindrical shaft support 12C. Each brush 
unit 78 is accommodated in one of grooves (or recess- 
es) 1 2D formed on the outer circumference of the cylin- 
drical shaft support 1 2C. 

[0072] As shown in Fig. 6, each brush unit 78 includes 
a rectangular brush 78A and a resin brush case 78B, 
which has a substantially rectangular shape with a bot- 
tom. Each brush case 78B accommodates one of the 
brushes 7BA, which slides with respect to the brush case 
78B. In the first embodiment, the brushes 78A slide in 
the axial direction of the rotary shaft 16. 
[0073] A pigtail 78C is connected to the rear end (right 
side as viewed in Rg. 6, or opposite to the side that con- 
tacts a commutator 82C, which will be described later) 
of each brush 78A. One end of the pigtail 78C is inserted 
in and connected to a recess formed on the rear end of 
the brush 78A. The other end of the pigtail 78C is con- 
nected to a metal plate 78D located at the rear wall (right 
side as viewed in Rg. 6) of the brush case 78B. 
[0074] The brush 78A, the brush case 78B, the pigtail 
78C, and the metal plate 7BD constitute each brush unit 
78. 

[0075] Each metal plate 78D is connected to one of 



the ends of a lead wire 86. The end of the lead wire 86 
is molded in the rear wall of the brush case 78B. There- 
fore, the pigtail 78C, the metal plate 78D, and the lead 
wire 86 constitute an electric line. The electric line is lo- 
5 cated at the end of the brush 78A opposite to the end 
facing the commutator 82C. 

[0076] A spring 78F is located between each brush 
78A and the corresponding metal plate 7BD. The spring 
78F urges the brush 78A toward the commutator 82C. 

10 [0077] A stator fixing member 80 for fixing a stator 79 
of the electric motor 77 to the housing has a cylindrical 
support portion 80A. The cylindrical support portion BOA 
Is fitted to the outer circumference of the shaft support 
12C, or about the brush units 78 as shown in Figs. 1 , 4, 

is and 5. A pulley bearing 81 is located between the outer 
circumferential surface of the cylindrical support portion 
80A and the inner circumferential surface of the first in- 
ner cylinder 1 7E of the upstream pulley 1 7A. The pulley 
bearing 81 supports the pulley 17 such that the pulley 

20 1 7 rotates with respect to the housing. That is, the brush 
units 78 are located radially outward of the shaft support 
12C and radially inward of the pulley bearing 81. The 
pulley bearing 81 is located to overlap the brush units 
78 in the axial direction of the rotary shaft 1 6. 

25 [0078] The stator fixing member 80 includes a sub- 
stantially cylindrical stator holder 80B, which holds the 
stator 79, and a connecting portion 80C, which connects 
the stator holder BOB and the cylindrical support portion 
80A. Part of rear side of the stator holder 80B, the con- 

30 necting portion 80C, and the cylindrical support portion 
80A are located inside the power transmission portion 
17C. The stator 79 is formed of a permanent magnet 
and attached to the inner circumferential surface of the 
stator holder 80B. 

35 [0079] A second rotary body, which is a rotor 82 in the 
first embodiment, is located inward of the stator holder 
80B (more specifically, inward of the stator 79) to face 
the stator 79. The rotor 82 includes a rotor iron core 82A 
and a coil 82B, which'is wound about the periphery of 

40 the rotor iron core 82A. The commutator B2C is located 
at the rear surface of the inner portion of the rotor iron 
core 82A to face the brushes 78A. The commutator 82C 
is constituted by a plate-like conductors, which are ar- 
ranged radially and perpendicular to the axial direction 

45 of the rotary shaft 1 6. 

[0080] Electric current is supplied to the coil 82B by 
the brushes 78A and the commutator 82C.The electric 
motor 77 produce rotational force of the rotor 82 by in- 
teraction between the magnetic force of the stator 79 
so and the magnetic force genera Led on the rotor 82 in 
accordance with the current supply. 
[0081] The lead wire 86 of each brush unit 78 (see 
Rg. 6) is connected to a drive circuit, which is notshown. 
The drive circuit is connected to a battery, which is not 
55 shown, and controls to supply or stop supplying current 
to the brushes 78A based on commands from a control- 
ler (not shown). 

[0082] The brush unfts 78, the stator 79, the stator f ix- 
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ing member 80, and the rotor 82 constitute the electric 
motor 77. - 

[0083] A second one-way clutch, which is a motor 
one-way clutch 83 in the first embodiment is located in 
a power transmission path between the rotor 82 and the 
rotary shaft 16. The structure of the motor one-way 
clutch 83 is the same as the pulley one-way clutch 66. 
Therefore, like or the same reference numerals are giv- 
en to those components that are like or the same as the 
correspondng components in the pulley one-way clutch 
66 and detailed explanations are omitted. In the motor 
one-way clutch B3, the outer ring 69 is secured to the 
inner circumferential surface of the rotor iron core 82A 
and the inner ring 70 is secured to the outer circumfer- 
ential surface of the rotary shaft 16. Part of the motor 
one-way clutch 83 is located to overlap the brush units 
78 In the axial direction of the rotary shaft 1 6. 
[0084] The pulley 17, the pulley bearing 81 , the hub 
65, the pulley one-way clutch 66, the motor one-way 
clutch 83, and the electric motor 77 constitute the power 
transmission mechanism PT. 

[0085] in the first embodiment, when the vehicular en- 
gine E is running, the power is always transmitted to the 
rotary shaft 16 by the pulley 17 and the pulley one-way 
clutch 66. If an air-conditioning is required when the ve- 
hicular engine E is stopped, the electric motor 77 is ac- 
tuated and power is transmitted to the rotary shaft 1 6 by 
the motor one-way clutch 83. 

[0086] The controller controls the drive circuit such 
that electric current is not supplied to the brushes 78A 
when the vehicular engine E is running. When the ve- 
hicular engine E is running, power is transmitted from 
the outer ring 69 of the pulley one-way clutch 66 to the 
inner ring 70 of me puOey one-way clutch 66. The power 
of the vehicular engine E is thus transmitted to the rotary 
shaft 1 6. At this time, the inner ring 70 of the motor one- 
way clutch 83 integrally rotates with the rotary shaft 1 6. 
However, the inner ring 70 of the motor one-way clutch 
83 runs idle with respect to the outer ring 69 of the motor 
one-way clutch 83. Thus, power of the vehicular engine 
E is hardly used for rotating the rotor 82. 
[0087] For example, to rotate the rotor 82 by the rota- 
tional force of the rotary shaft 16, an amount of torque 
that corresponds to the cogging torque caused by mag- 
netic force generated by the stator 79 is required. How- 
ever, in the first embodiment, when the motor one-way 
clutch 83 runs idle, the torque transmitted from the inner 
ring 70 to the outer ring 69 is smaller than the cogging 
torque. Therefore, when current is not supplied to the 
brushes 78A, the rotor 82 is hardly rotated although the 
rotary shaft 16 is rotated. 

[0088] If an air-conditioning is required when the ve- 
hicular engine E is stopped, the drive circuit supplies 
current to the brushes 78A to drive the electric motor 77 
based on commands from the controller. The rotational 
force of the rotor 82 generated by current supply is trans- 
mitted from the outer ring 69 of the motor one-way clutch 
to the inner ring 70 of the motor one-way clutch 83. 



Therefore, power of the electric motor 77 is transmitted 
to the rotary shaft 16. This enables the air-conditioning 
of a passenger compartment while the vehicular engine 
E is stopped. 

5 [0089] At this time, the inner ring 70 of the pulley one- 
way dutch 66 integrally rotates with the hub 65 and the 
rotary shaft 1 6. However, the inner ring 70 runs idle with 
respect to the outer ring 69 of the pulley one-way clutch 
66. Thus, power of the electric motor 77 is hardly trans- 

10 mitted to the pulley 1 7. 

[0090] Power transmitted from the engine E to the up- 
stream pulley 1 7A is transmitted to the downstream pul- 
ley 17B through the rubber dampers 17L and the power 
transmission pins 17G. 

is [0091 ] The rubber dumpers 1 7L located in the power 
transmission path between the upstream pulley 1 7A and 
the downstream pulley 178 absorb the misalignment 
between the rotation axes ot the upstream pulley 1 7A 
and the downstream pulley 17B. That is, the deforma- 

20 tion of the rubber dumpers 17L reduces stress applied 
to the bearings, such as the radial bearing 1 2A, the bear- 
ing portion 68 of the pulley one-way clutch 66, and the 
pulley bearing 81 , due to the misalignment of the rotation 
axes. The rubber dumpers 1 7L dampen the rotation-vl- 

25 oration (torque fluctuation) of the rotary shaft 1 6 caused 
by the compression reaction force at the compression 
mechanism and prevent the rotation-vibration from be- 
ing transmitted from the downstream pulley 1 7B to the 
upstream pulley 1 7A. 

30 [00921 The pulley one-way clutch 66 transmits power 
from the pulley 17 to the hub 65 but hardry transmits 
power from the hub 65 to the pulley 17. Therefore, the 
rotation-vibration is not transmitted from the hub 65 to 
the pulley 17. 

35 [0093] As long as the magnitude of the transmission 
torque between the upstream pulley 17A and the down- 
stream pulley 1 7B does not adversely affect the engine 
E (within the transmission torque in a normal power 
transmission state), power is transmitted from the en- 

40 gine E to the rotary shaft 16. 

[0094] However, if there is an abnormality in the com- 
pressor C, for example, If the compressor C is locked, 
and the transmission torque is excessive, the power 
transmission pins 17G are broken by excessive load. 

43 That is, power is prevented from being transmitted from 
the upstream pulley 1 7A to the downstream pulley 1 7B. 
This prevents the engine E from being adversely affect- 
ed by the excessive torque. 

[0095] The first embodiment has the following advan- 
ce tages. 

(1 ) Part of the electric motor 77 is located inside the 
power transmission portion 17C. In other words, at 
least part of the electric motor 77 overlaps the pow- 
55 er transmission portion 1 7C in the axial direction of 
the rotary shaft 16 and is located radially inward of 
the power transmission portion 17C. Therefore, as 
compared to a case in which the elecLric motor is 
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not located inside the power transmission portion, 
the vehicular rotational apparatus is easily mini- 
mized in the axial direction of the rotary shaft. 

(2) The pulley one-way clutch 66 is located in the 5 
power transmission path between the pulley 1 7 and 
the rotary shaft 16, and the motor one-way clutch 

83 is located in the power transmission path be- 
tween the electric motor 77 and the rotary shaft 1 6. 
Therefore, one of the power transmission paths is io 
connected while the other is disconnected. In this 
case, the rotary shaft 1 6 is rotated by power of the 
vehicular engine E without rotating the rotor 82 of 
the electric motor 77. To rotate the rotor 82 by the 
rotation of the rotary shaft 16, the rotary shaft 16 '5 
needs to be rotated by a torque that corresponds to 
the cogging torque caused by the stator 79. This 
applies additional rotary load to the rotary shaft 1 6. 
With the structure of the fi ret embedment, the rotary 
load is decreased by connecting the pulley one-way 20 
clutch 66 and disconnecting the motor one-way 
clutch 83. 

(3) The electric motor 77 supplies current to the ro- 
tor 82 using the brush units 78. If a brushlesc motor, 
which controls current supply to a stator based on 
rotational position data of a rotor detected by a sen- 
sor, is apptied as an electric motor, means for de- 
tecting the rotational position of the rotor is required. 
However, in the first embodiment, as compared to 30 
the above case, the detecting means is not re- 
quired, which simplifies the structure of the electric 
motor. 

(4) The pulley bearing 61 is located to overlap the 35 
brush units 78 in the axial direction of the rotary 
shaft 16. In this case, the size of the vehicular rota- 
tional apparatus is easily reduced in the axial direc- 
tion of the rotary shaft 1 6 as compared to a structure 

in which the pulley bearing 81 does not overlap the *o 
brush units 78. 

(5) Part of the motor one-way clutch 83 is located 
to overlap the brush units 78 in the axial direction 

of the rotary shaft 16. In this case, the size of the 4 * 
vehicular rotational apparatus is easily reduced In 
the axial direction of the rotary shaft 16 as com- 
pared to a structure in which the motor one way- 
dutch 83 does not overlap the brush units 78. 

so 

(6) The brush units 78 are located on the outer cir- 
cumference of the shaft support 12C and inward of 
the pulley bearing 81 . The brushes 78A slide in the 
axial direction of the rotary shaft 1 6. In this case, for 
example, the size of the pulley bearing 81 is re- 55 
duced in the radial direction as compared to a case 

in which the brushes 78A are located to slide in the 
radial direction of the rotary shaft 1 6. Reducing the 



size of the pulley bearing 81 reduces the peripheral 
velocity of the rotary member of the pulley bearing 
81 . This extends the life of the pulley bearing 81 . 

(7) The brushes 78A are located to slide in the axial 
direction of the rotary shaft 1 6. Therefore, the com- 
mutator 82C can be formed into a plate arranged 
perpendicular to the axial direction. As a result, the 
size of the electric motor 77 is easily reduced in the 
axial direction. 

(8) Each brush unit 78 is accommodated in one of 
the grooves 1 2D formed on the outer circumference 
of the cylindrical shaft support 1 2C. In this case, for 
example, the size of the pulley bearing 81 is re- 
duced in the radial direction as compared to a case 
in which the brush units 78 are located on the outer 
circumferential surface of the shaft support 12C on 
which grooves 12D are not formed. Also, spacers 
for securing the pulley bearing 81 to the shaft sup- 
port 1 2C need not be located in the spaces between 
the brush units 78 in the circumferential direction. 

(9) Each electric line is located at the end of one of 
the brushes 78A opposite to the end facing the com- 
mutator 82C. In this case, for example, the spaces 
between the brushes 78A in the circumferential di- 
rection are reduced as compared to a case in which 
each electric line is connected to the side of the cor- 
responding brush 78A in the circumferential direc- 
tion of the rotary shaft 16. In other words, the cir- 
cumferential width of each brush 78A can be in- 
creased. As a result, a large contact surface be- 
tween the brushes 78A and the commutator 82C is 
easily obtained, which facilitates obtaining a certain 
amount of current transmitted between the brushes 
and the commutator 82C, or the output of the elec- 
tric motor. Also, with the structure of the first em- 
bodiment, in which the brushes 78A are accommo- 
dated in the grooves 12D, it is not required to pre- 
pare a space for accommodating each electric line 
on the side of the corresponding brush 78A in the 
circumferential direction. Thus, the strength of the 
shaft support 12C is easily prevented from being re- 
duced. 

(1 0) The power transmission pins 1 7G prevent ex- 
cessive load from being applied to the vehicular en- 
gine E, even when the compressor C causes an ab- 
normality, or the compressor C is locked. 

(1 1) The power transmission pins 17G are made of 
sintered metal. Since the ductility of the sintered 
metal is relatively low, the threshold level of the 
transmission torque at which the power transmis- 
sion pins 17G are broken is easily determined. 

(12) The rubber dampers 17L are located in the 
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power transmission path between the upstream puk 
ley 17A and the downstream pulley 17B. In this 
case, the misalignment of the rotation axes be- 
tween the upstream pulley 1 7A and the downstream 
pulley 1 7B caused by, for example, a manufacturing ? 
tolerance is absorbed by the rubber dampers 17L. 
Therefore, the deformation of the rubber dumpers 
1 7L reduces stress applied to the bearings, such as 
the radial bearing 1 2A, the bearing portion 68 of the 
pulley one-way clutch 66, and the pulley bearing 81 , w 
due to the misalignment of the rotation axes. As a 
result, the durability of the vehicular rotational ap- 
paratus is improved. 

(13) The rubber dampers 17L reduce the rotation is 
vibration (torque fluctuation) transmitted from the 
downstream pulley 1 7B to the upstream pulley 1 7A. 

As a result, vibration between the vehicular engine 
E and the rotary shaft 16 caused by fluctuation of 
the transmission torque is suppressed. 20 

(14) The amount of refrigerant discharged during 
one rotation of the rotary shaft 1 6 can be substan- 
tially zero. In this case, the amount of refrigerant dis- 
charged from the compression mechanism can be 25 
substantially zero even when the rotary shaft 16 is 
being rotated. As a result, when air-conditioning is 
unnecessary, the load required to drive the rotary 
shaft 16 is minimized (to zero if possible). 

30 

(15) The displacement (flow rate of refrigerant) of 
the compressor C, which greatly affects the load 
torque of the compressor C, is directly controlled 
from the outside. Also, for example, the flow rate of 
refrigerant is controlled to be less than or equal to 35 
a predetermined amount with high accuracy and 
quick response without using, for example, a flow 
rate sensor. 

A second embodiment of the present invention 
will now be described. The second embodiment is 
the same as the first embodiment except for the 
structure of the power transmission mechanism PT. 
Mainly, the differences from the first embodiment 
will be discussed below, and same or tike reference 
numerals are given to parts that are the same as or 
like corresponding parts of the first embodiment. 

Fig. 7(a) is a front view illustrating the power 
transmission mechanism PT. Fig. 7(b) is a cross- 
sectional view taken along line 7b-7b in Rg. 7(a). 
Part of the compressor C is also shown in Rg. 7(b). so 

I n the second embodiment, a motor housing 84 
is secured to the front end of the front housing mem- 
ber 1 2. The motor housing 84, the cylinder block 1 1 , 
the front housing member 12, the valve plate as- 
sembly 13, and the rear housing member 14 form ss 
the housing of the compressor C. 

A shaft support 84A projects from the front wall 
of the motor housing 84 to surround the front end 



of the rotary shaft 16. The upstream pulley 17A of 
the pulley 1 7 according to the second embodiment 
is rotatably supported by the outer circumferential 
surface of the shaft support 84A with a pulley bear- 
ing 85. In Rg. 7(a), the pulley bearing 85 is not 
shown. 

The upstream pulley 1 7A of the second embod- 
iment includes an annular main body 1 7M, which is 
fitted about the outer ring of the pulley bearing 85, 
and the power transmission portion 17C, which is 
located at the outer circumference of the main body 
17M. 

The downstream pulley 1 7B, which forms a part 
of the pulley 1 7 of the second embodiment, is se- 
cured to the outer ring 69 of the pulley one-way 
clutch 66. The downstream pulley 17B includes a 
cylindrical portion 1 7N , which is fitted about the out- 
er ring 69, arms 17P (three in the second embodi- 
ment) (shutoff mechanism), which radially project 
outward from the outer circumferential surface of 
me cylindrical portion 17N, and power transmission 
pieces 17Q, which project rearward from the distaJ 
end of the arms 17P. The down stream pulley 17B 
according to the second embodiment is integrally 
made of sintered metal that is the same as that used 
for the power transmission pins 1 7G of the first em- 
bodiment 

Each arm 1 7P of the downstream pulley 1 7B is 
located at equal angular intervals in the circumfer- 
ential direction of the pulley 17. Accommodating 
bores 1 7R are formed in the main body 1 7M at po- 
sitions facing the power transmission pieces 17Q. 
A rear portion of each power transmission piece 
17Q is inserted into one of the accommodating 
bores 17R. 

As shown in Rgs. 7(a) and 8 , shock absorbers, 
which are rubber dumpers 17S in the second em- 
bodiment, are press fitted in both sides (in the cir- 
cumferential direction of the pulley 1 7) of each pow- 
er transmission piece 17Q in the corresponding ac- 
commodating bore 17R.With this structure, power 
transmitted from the engine E to the upstream pul- 
ley 1 7A is transmitted to the downstream pulley 1 7B 
via the rubber dumpers 17S.The rubber dumpers 
1 7S dampen torque fluctuation transmitted from the 
downstream pulley 1 7B to the upstream pulley 1 7A. 
Further, the deformation of the rubber dumpers 1 7S 
reduces stress applied to the bearings, such as the 
radial bearing 1 2A, the bearing portion 68 of the pul- 
ley one-way clutch 66, and the pulley bearing 65, 
due to the misalignment of the rotary axes of the 
upstream pulley 17A and the downstream pulley 
17B. 

In the second embodiment, if there is an abnor- 
mality in the compressor C, and the transmission 
torque between the upstream pulley 1 7A and the 
downstream pulley 17B is excessive, the arms 1 7P 
are broken by excessive load. That is, the power Is 
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prevented from being transmitted from the up- 
stream pulley 17A to the downstream pulley 17B, 
which prevents the engine E from being adversely 
affected by excessive torque transmission. 

As shown in Fig. 7(b), a motor chamber 84B is 5 
defined by the front wall of the front housing mem- 
ber 12 and the motor housing 84. In the second em- 
bodiment, the electric motor 77 is located in the mo- 
tor chamber 84B. 

The rotor iron core 82A of the electric motor 77 * o 
includes a cylindrical portion 82D, which is fitted 
about the outer ring 69 of the motor one-way dutch 
83, and a coil holder 82E, which extends radially 
outward from the rear portion ol the cylindrical por- 
tion 82D. The coil 82B is wound about the coil holder 
82E. 

In the second embodiment, the stator 79 is se- 
cured to the Inner circumferential surface of the mo- 
tor housing 84 at a position opposite to the coil 82B 
and the coil holder 82 E. 20 

Each brush unit 78 is accommodated in one 
of grooves formed at the rear portion of the shaft 
support 84A. The brush 78A of each brush unit 78 
slides in the axial direction of the rotary shaft 1 6. 
The brushes 78A contact the commutator 82C lo- 25 
cated on the front surface of the rotor 82 between 
the cylindrical portion 82D and the coil holder 82E. 
Part of the front side of the rotor 82 and the stator 
79, and the brush units78 are located inside the 
power transmission portion 17C. so 

Part of the pulley one-way clutch 66 and the 
motor one-way clutch 83 are located to overlap the 
pulley bearing 85 in the axial direction of the rotary 
shaft 16. Further, part of the puiley bearing 85 and 
part of the motor one-way clutch 83 are located to 35 
overlap the brush units 78 in the axial Erection of 
the rotary shaft 16. 

In addition to the advantages (1 ) to (5), (7), and 
(9) to (15), the second embodiment has the follow- 
ing advantages. 40 

(16) The pulley one-way clutch 66 and the motor 
one-way clutch 83 are located to overlap the pulley 
bearing 85 in the axial direction of the rotary shaft 

1 8. In this case, the size of the vehicular rotational « 
apparatus is reduced in the axial direction of the ro- 
tary shaft 1 6 as compared to a structure in which at 
least one of the pulley one-way clutch 66 and the 
motor one-way dutch 83 does not overlap the puiley 
bearing 85 in the axtai direction. 50 

(1 7) The electric motor 77 is accommodated dose 
to the housing of the compressor C. In this case, 
the size of the pulley is reduced and the moment of 
inertia is easily reduced as compared to the struc- ss 
ture of the first embodiment, in which the electric . 
motor is located inside the pulley. As a result, the 
rotational response of the pulley 17 is easily im- 



proved. 

A third embodiment of the present invention will 
now be described. The third embodiment is the 
same as the second embodiment except for the lo- 
cation of the brush units 78 and the commutator 
B2C. Mainly, the differences from the first embodi- 
ment will be discussed below, and same or like ref- 
erence numerals are given to parts that are the 
same as or like corresponding parts of the first em- 
bodiment 

As shown in Fig. 9, in the third embodiment, the 
brush units 78 are located on the front surface of 
the connecting portion 80C instead of between the 
shaft support 12C and the cylindrical support por- 
tion 80A of the stator fixing member 80 (that is, be- 
tween the shan support 12C and the pulley bearing 
81). The brush units 78 extend radially about the 
axis of the rotary shaft 1 6. That is, the brushes 78A 
slide in the radial direction of the rotary shaft 16. 
The brush units 78 are located such that substan- 
tially the entire bodies of the brush units 78 overlap 
the motor one-way clutch 83 in the axial direction of 
the rotary shaft 16. 

The conductors of the commutator 82C are lo- 
cated about the drcumferential surface of the cylin- 
drical portion formed at the rear portion of the rotor 
iron core 82A. 

In addition to the advantages (1 ) to (3), (5), and 
(9) to (15), the third embodiment has the following 
advantages. 

(1 8) The brush units 78 are not located between the 
pulley bearing 81 and the shaft support 12C. In this 
case, the size of the pulley bearing 81 is minimized 
in the radial direction by decreasing the outer diam- 
eter of the shaft support 12C as long as the strength 
of the shaft support 12C is maintained. Redudng 
the size of the pulley bearing 81 reduces the periph- 
eral velocity of the rotary member of the pulley bear- 
ing 81 . This extends the life of the pulley bearing 81 . 

A fourth embodiment of the present invention 
will now be described. The fourth embodiment is the 
same as the second embodiment except for the lo- 
cation of the pulley one-way clutch 66, the brush 
units 78, and the commutator 82C. Mainly, the dif- 
ferences from the second embodiment will be dis- 
cussed below, and same or tike reference numerals 
are given to parts that are the same as or like cor- 
responding parts of the second embodiment. 

As shown in Fig. 10, the brush units 78 are se- 
cured to the inner drcumferential surface of the 
shaft support 12C and extend radially from the axis 
of the rotary shaft 1 6. That Is, the brushes 78A slide 
in the radial direction of the rotary shaft 1 6. The con- 
ductors of the commutator 82C are located about 
the outer drcumferential surface of the cylindrical 
portion 82D. 

In the fourth embodiment, the pulley one-way 
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clutch 66 is shifted rearward as compared to the 
structure of the second embodiment such that the 
rear end of the pulley one-way clutch 66 and the 
front end of the motor one-way clutch 83 overlap in 
the axial direction. The rear portion of the pulley 
one-way clutch 66 is located inside the power trans- 
mission portion 17C of the pulley 17. 

In addition to the advantages (1 ) to (3), (5), and 
(9) to (1 7) ; the fourth embodiment has the following 
advantages. 

(19) The pulley one-way clutch 66 and the motor 
one-way clutch 83 are located to overlap each other 
in the axial Direction of the rotary shaft 16. in this 
case, the size of the vehicular rotational apparatus 
is easily reduced in the axial direction of the rotary 
shaft 16 as compared to a structure in which the 
pulley one-way clutch 66 and the motor one way- 
clutch 83 does not overlap each other in the axial 
direction of the rotary shaft 16. 

[0096] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0097] In the illustrated embodiments, each electric 
line need not be located at the end of the corresponding 
brush 78A opposite to the end facing the commutator 
82C. For example, the electric line may be connected 
to the side of the brush 78A in the circumferential direc- 
tion of the rotary shaft 16. 

[0098] In the first embodiment, the brush units 78 may 
be located on the outer circumferential surface of the 
shaft support 12C on which the grooves 12D are not 
formed. 

[0099] In the first and second embodiments, the 
brushes 7BA slide in the axial direction of the rotary shaft 
16. However, the brushes 78A may slide in a direction 
inclined with respect to the axis of the rotary shaft 1 6 as 
long as there is no problem regarding space or current 
supplying function. 

[0100] In the first and second embodiments; the brush 
units 78 need not be located to overlap both the pulley 
bearing 81 , 85 and the motor one-way dutch 83 in the 
axial direction of the rotary shaft 1 6. The brush units 78 
may be located to overlap only one of the pulley bearing 
81 , 85 and the motor one-way clutch 83 in the axial di- 
rection. 

[0101] In the illustrated embodiments, current need 
not be supplied to the electric motor using the brush 
units 78. For example, a brushless type electric motor 
that rotates a rotor by supplying current to a stator with- 
out using brushes may be used. For examples, a 
switched reluctance motor or a brushless motor with 
permanent magnets are used. In the brushless type 
electric motor, the rotor does not slide against the brush- 



es when rotated. Thus, the electric motor is advanta- 
geous for high rotational speed. 
[0102] In the second and fourth embodiments, the 
pulley bearing 85 need not be located to overlap both 

5 the pulley one-way clutch 66 and the . motor one-way 
clutch 83 in the axial direction. The pulley bearing 85 
may be located to overlap only one of the pulley one- 
way clutch 66 and the motor one-way clutch 83 in the 
axial direction of the rotary shaft 1 6. 

10 [0103] In the illustrated embodiments, the rotor 82 
may be directly connected to the rotary shaft 1 6 without 
the motor one-way clutch 83. 

[01 04] In the illustrated embodiments, the rotor of the 
electric motor may be rotated without using the magnet- 
is ic force of the permanent magnets. In this case, the elec- 
tric motor does not necessarily have brushes (such as 
a switched reluctance motor). 

[01 05] In the illustrated embodiments, the fatigue ratio 
oW/oB of the sintered metal that forms the breakable 

20 member need not be about 0.5. In this case, the fatigue 
ratio oW/oB may be any value as long as the breakable 
members are broken when receiving excessive torque. 
[0106] In the illustrated embodiments, the breakable 
member need not be formed of the sintered metal. In 

25 this case, as long as the breakable members are broken 
when receiving a torque that exceeds a predetermined 
amount, any material such as low carbon steel, resin, 
or ceramic may be used for the breakable members. 
[0107] ' In the illustrated embedments, the shutoff 

so mechanism need not be formed of the breakable mem- 
ber. For example, a coupling member, which functions 
as shutoff mechanism, may be located in the transmis- 
sion path between the upstream rotor and the down- 
stream rotor. The coupling member connects the rotors 

35 and can disengage from at least one of the rotors. 
[0108] The shutoff mechanism, such as the power 
transmission pins.17G and the amis 17P, may be omit- 
ted. 

[0109] In the illustrated embodiments, the shock ab- 
40 sorbers made of rubber (rubber dampers 1 7L) are used . 
However, the shock absorbers made of elastomer may 
be used. 

[01 10] In the above embodiments, the shock absorb- 
ers (rubber dumpers 17L) need not be located in the 
45 power transmission path between the pulley 1 7 and the 
rotary shaft 16. 

[0111] In the illustrated embodiments, the one-way 
clutch 66, 83 selectively permits or prevents power 
transmission between the outer ring 69 and the inner 

so ring 70 by the friction caused by the rollers 74. However, 
the one-way clutch need not have this structure. 
[0112] In the illustrated embodiments, the bearing 
portion 68 may have multiple rows of balls 71 arranged 
in the axial direction of the rotary shaft 16. 

55 [0113] In the illustrated embodiments, the control 
valve 43 detects the pressure difference between two 
pressure monitoring points located in the refrigerant cir- 
cuit and automatically determines the position of the 



13 



BNSOCCID: <EP 131&452A2L»_> 



25 



EP 1 316 452 A2 



26 



valve body 52 to change the displacement to balance 
the fluctuation of the pressure difference. However, the 
control valve need not have this structure. For example, 
the control valve 43 may be formed to change the posi- 
tion of the valve body 52 in accordance with the pressure s 
at one pressure monitoring point located in the refriger- 
ant circuit Alternatively, the control valve 43 may be 
formed to change the position of the control valve 43 by 
only the commands from the outside. 
[0114] In the illustrated embodiments, the criterion "> 
used for positioning the valve body 52 need not be 
changed by the external control. For example, the con- 
trol valve 43 need not be externally controlled and the 
position of the valve body 52 may be determined auto- 
matically. 15 
[0115] In the illustrated embodiments, the power 
transmission mechanism FT is used for the compressor 
C, which has the single headed pistons 25. However, 
the mechanism PT may be used for a compressor that 
has double-headed pistons. In this type of compressor, 20 
cylinder bores are formed on either side of a crank 
chamber and each piston compresses gas in one of the 
pairs of the cylinder bores. 

[0116] In the illustrated embodiments, drive plate 
(swash plate 20) rotates integrally with the rotary shaft & 
1 6. However, the present invention may be applied to a 
compressor in which relative rotation between the drive 
plate and the rotary shaft is permitted. For example, the 
present invention may be applied to a wobble type com- 
pressor. 30 
[01 1 7] In the compressor C, the amount of refrigerant 
discharged during one rotation of the rotary shaft 1 6 can 
be changed to substantially zero. However, the dis- 
placement need not be able to be changed to substan- 
tially zero. 35 
[01 18] The pulley 17 may be used in a fixed displace- 
ment type compressor, in which the stroke of the pistons 
25 is constant. 

[01 19] In the illustrated embodiments, the present in- 
vention is applied to a reciprocal piston type compres- *o 
sor. However, the present invention may be applied to 
rotary compressors such as a scroll type compressor. 
[0120] The present invention may be applied to any 
type of rotor other than pulley. For example, the present 
invention may be applied to a sprocket or a gear. 45 
[0121] In the illustrated embodiments, the present in- 
vention is applied to a compressor. However, the 
present invention may be applied to any rotational ap- 
paratus, which drives a rotary shaft by power from an 
external drive source and power from an electric motor, so 
For example, the present invention may be applied to 
a hydraulic pump for a power steering pump. 
[01 22] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 55 
tails given herein, but may be modified within the scope 
and equivalence of the appended claims. 
[0123] A housing of a compressor supports a rotary 



shaft. The rotary shaft is coupled to a pulley with a pulley 
one-way clutch and is coupled to a rotor of an electric 
motor with a motor one-way clutch. The pulley is sup- 
ported by the housing with a pulley bearing. The electric 
motor overlaps a power transmission portion in the axial 
direction of the rotary shaft At least two of the bearing, 
the pulley one-way clutch, the motor one-way clutch, 
and a brush device of the electric motor overlap each 
other in the axial direction of the rotary shaft. As a result, 
the size of the compressor is reduced in the axial direc- 
tion of the rotary shaft 



Claims 

1 . A rotational apparatus that is driven by an external 
drive source, the rotational apparatus comprising: 

a housing; 

a rotary shaft supported by the housing; 
a first rotary body operabry connected to the ro- 
tary shaft, wherein the first rotary body includes 
a power transmission portion, and wherein, 
when power is transmitted from the external 
drive source to the power transmission portion, 
the first rotary body is rotated; 
an electric motor for driving the rotary shaft, 
wherein the electric motor includes a second 
rotary body, which is operably connected to the 
rotary shaft, a commutator, which is located on 
the second rotary body, and a brush device, 
which contacts the commuLaLor, 
a bearing located between the first rotary body 
and the housing, wherein the first rotary body 
is supported by the housing with the bearing; 
a first one-way clutch located between the first 
rotary body and the rotary shaft; and 
a second one-way clutch located between the 
second rotary body and the rotary shaft, the ro- 
tational apparatus being characterized in 
that: 

at least two of the bearing, the first one-way 
clutch , the second one-way clutch, and the 
brush device overlap each other in the axial 
direction of the rotary shaft, and the electric 
motor overlaps the power transmission 
portion in the axial direction of the rotary 
shaft 

. The rotational apparatus according to claim 1 , char- 
acterized In that at least one of the bearing and the 
second one-way clutch overlaps the brush device 
in the axial direction of the rotary shaft. 

i. A rotational apparatus that is driven by an external 
drive source, the rotational apparatus comprising: 
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a housing; 

a rotary shaft supported by the housing; 
a first rotary body oper ably connected to the ro- 
tary shaft, wherein the first rotary body includes 
a power transmission portion, and wherein, 
when power is transmitted from the external 
drive source to the power transmission portion, 
the first rotary, body is rotated; 
an electric motor for driving the rotary shaft, 
wherein the electric motor includes a second 
rotary body, which is operably connected to the 
rotary shaft, a commutator, which is located on 
the second rotary body, and a brush device, 
which contacts the commutator; 
a bearing located between the first rotary body 
and the housing, wherein the first rotary body 
is supported by the housing with the bearing; 
and 

a one-way clutch located between the first ro- 
tary body and the rotary shaft, the rotational ap- 
paratus being 

characterized In that: 

at least two of the bearing, the one-way clutch, 
and the brush device overlap each other in the 
axial direction of the rotary shaft, and the elec- 
tric motor overlaps the power transmission por- 
tion in the axial direction of the rotary shaft 

4. A rotational apparatus that is driven by an external 
drive source, the rotational apparatus comprising: 

a housing; 

a rotary shaft supported by the housing; 
a first rotary body operably connected to the ro- 
tary shaft, wherein the first rotary body includes 
a power transmission portion, and wherein, 
when power is transmitted from the external 
drive source to the power transmission portion, 
the first rotary body is rotated; 
an electric motor for driving the rotary shaft, 
wherein the electric motor includes a second 
rotary body, which is operably connected to the 
rotary shaft; 

a bearing located between the first rotary body 
and the housing, wherein the first rotary body 
is supported by the housing with the bearing; 
a first one-way clutch located between the first 
rotary body and the rotary shaft; and 
a second one-way clutch located between the 
second rotary body and the rotary shaft, the ro- 
tational apparatus being characterized In 
that: 

at least two of the bearing, the first one-way 
clutch, and the second one-way clutch 
overlap each other in the axial direction of 
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the rotary shaft, and the electric motor 
overlaps the power transmission portion in 
the axial direction of the rotary shaft. 

5 5. A rotational apparatus that is driven by an external 
drive source, the rotational apparatus comprising: 

a housing; 

a rotary shaft supported by the housing; 

w a first rotary body operably connected to the ro- 

tary shaft, wherein the first rotary body includes 
a power transmission portion, and wherein, 
when power is transmitted from the external 
drive source to the power transmission portion, 

is # the first rotary body is rotated; 

an electric motor for driving the rotary shaft, 
wherein the electric motor Includes a second 
rotary body, which is operably connected to the 
rotary shaft; 

20 a bearing located between the first rotary body 

and the housing, wherein the first rotary body 
is supported by the housing with the bearing; 
and 

a one-way clutch located between the first ro- 
25 tary body and the rotary shaft, the rotational ap- 

paratus being 

characterized in that: 

30 the one-way clutch overlaps the bearing in the 

axial direction of the rotary shaft, and at least 
. part of the electric motor overlaps the power 
transmission portion in the axial direction of the 
rotary shaft and is located radially inward of the 

35 power transmission portion. 

6. The rotational apparatus according to any one of 
claims 1 to 3, characterized in that the brush de- 
vice includes a plurality of brushes, which are locat- 

40 ed about the axis of the rotary shaft and contact the 
commutator. 

7. The rotational apparatus according to any one of 
claims 1 to3 t characterized in that the housing has 

45 a shaft support, which surrounds part of the rotary 
shaft, and the brush device includes a plurality of 
brush units, which are located about the shaft sup- 
port, and wherein the bearing is located about the 
brush device, and each brush unit includes a brush, 

so which contacts the commutator and slides in the ax- 
ial direction of the rotary shaft 

B. The rotational apparatus according to claim 7, char- 
acterized In that the shaft support has a plurality 
55 of recesses on the outer circumference of the shaft 
support, and wherein each brush unit is accommo- 
dated in one of the recesses. 
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9. The rotational apparatus according to any one of 
claims 6 to 8, characterized in that each brush has 
a first portion, which face the commutator, and a 
second portion, which is opposite to the first portion, 

and wherein an electric line extends from the sec- 5 - 
ond portion of each brush. 

10. The rotational apparatus according to any one of 
claims 1 to 9, characterized in that the first rotary 
body defines a space for accommodating the elec- n> 
trie motor. 

11. The rotational apparatus according to any one of 
claims 1 to 10, characterized in that the electric 
motor has a permanent magnet, and the second ro- 
tary body is rotated using the magnetic force of the 
permanent magnet. 

12. The rotational apparatus according to any one of 
claims 1 to 11 , characterized by a shutoff mecha- 20 
nism, which is located in an arbitrary part of a power 

[ transmission path extending from the external drive 
* . source to the rotary shaft via the first rotary body, 

wherein the shutoff mechanism shuts-off excessive 

torque transmission between the external drive 25 

source and the rotary shaft. 

13. The rotational apparatus according to any one of 
claims 1 to 1 2, characterized by a shock absorber 
located in an arbitrary part of a power transmission 30 
path extending from the power transmission portion 

to the rotary shaft via the first rotary body. 

14. The rotational apparatus according to any one of 
claims 1 to 13, characterized by a compression 
mechanism accommodated in the housing, wherein 
the compression mechanism is driven by the rotary 
shaft to compress and discharge refrigerant. 

15. The rotational apparatus according to claim 14, 40 
characterized in that the compression mechanism 

is formed such that the amount of refrigerant dis- 
charged from the compression mechanism during 
one rotation of the rotary shaft is variable in a range 
from substantially zero to a predetermined amount. 



50 



55 



BNSOOCia <EP 1316462A?_I_> 



16 



EP 1 316 452 A2 




EP 1 316 452 A2 




BNSOOCtO: <EP t31645ZA^_l^ 



EP 1 316 452 A2 




19 



.131WS2A*J_> 



EP 1316 452 A2 



Fig. 5 



78B 7BA 12D 




Fig. 6 



78 78B 78F 78D 




78C 



BNSDOC1& <EP 13164S2A2JL> 



20 



EP 1316 452 A2 




BNSOOQO: <EP_ 131&i52A2j_> 



EP 1 316 452 A2 



Fig. 8 




Fig. 9 



PT 



17B 17L17G 17C J#1 C 




22 



EP 1316 452 A2 



Fig. 10 



PT 




23 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
EVADED TEXT OR DRAWING 

□ BLURRED, OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: , 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



